Context: The immunogenicity of the hepatitis B virus vaccine is reduced in patients with renal failure compared with the nonuraemic population. A variety of approaches have been suggested to improve the immune response in uraemic population including an increase in dose of the hepatitis B vaccine. Objective: To compare the efficacy and safety of hepatitis B vaccine schedules based on greater versus standard doses of HB vaccine in patients with chronic kidney disease stages 3 -5. Evidence Acquisition: We carried out a systematic review of the medical literature with a meta-analysis of randomized trials comparing seroprotection rates after greater vs. standard doses of the HB vaccine. The odds ratio to obtain seroprotection among patients who received greater (study group) vs. standard (control group) doses was the end-point of interest. We used a random-effects approach, as described by DerSimonian and Laird, with heterogeneity and subgroup analyses. Results: We retrieved 11 clinical trials (n = 870 unique patients); 2 (n = 141 patients) and 8 studies (n = 689) included CKD patients on pre-dialysis and dialysis stage, respectively. Three trials (n = 368 patients) employed plasma-derived vaccine; 8 (n = 502) adopted recombinant vaccine. Aggregation of study results (n = 10 studies) showed that the seroprotection rate (short-term follow-up) towards HB virus was higher among patients receiving greater than standard doses of vaccine [pooled OR, 2.10, 95% confidence intervals, 1.15 -3.82]. The P-value was 0.0001 for our test to study heterogeneity. The seroprotection rate towards HBV was much greater in the subset of trials (n = 2) based on plasma-derived vaccine (OR, 3.78; 95% CI, 2.35; 6.07), and no heterogeneity was found (NS). In the subset of RCTs (n = 8 studies), the seroprotection rate was higher among patients receiving greater doses of vaccine towards HBV, OR, 2.01 (95% CI, 0.92; 4.39), with significant heterogeneity (P = 0.002). Tolerance was satisfactory and no dropouts due to side effects were reported. Conclusions: Vaccine schedules based on greater than standard doses of HB vaccine offer higher immunogenicity in patients with chronic kidney disease. These results support the current recommendations to give higher doses of HBV vaccine to susceptible dialysis population in order to increase the sero-protection rate. Further research is needed to assess whether these findings apply to HB vaccines provided with novel adjuvants.
Context
On a global basis, hepatitis B is one of the most important infectious diseases all over the world. The control of the spread of the hepatitis B virus infection in dialysis population has been an important goal in the management of end-stage renal disease (1) . Numerous multicenter surveys have shown a low but not negligible frequency of HBV infection in dialysis units of developed countries (2) (3) (4) . On the contrary, prevalence and incidence rates of HBV remain high within dialysis facilities of the developing world (5) . In addition, outbreaks of the HBV infection among patients undergoing long-term hemodialysis continue to be reported in industrialized countries (6) . To prevent transmission of HBV in haemodialysis units, numerous measures have been performed including the screening of blood for the hepatitis B surface antigen (HBsAg), the decline in the number of blood transfusions, and the implementation of universal and specific measures within dialysis rooms, as recommended by the centers for disease control and prevention (CDC, Atlanta, Georgia, USA) (7) . The hepatitis B vaccination is another factor responsible for the decline in HBsAg incidence rates among dialysis patients over recent years. ure typically show an impaired immune response to the hepatitis B virus vaccine (1) . They have lower seroprotection rates compared with healthy subjects; moreover, after completion of vaccination schedule anti-HBs titers of responder uraemic patients are low and decline logarithmically over time (1) . Various approaches have been made to overcome the non-responsiveness of chronic uraemic patients including co-administration of adjuvants (8) , or immune modulators (9) , intradermal administration of HB vaccine (10) , increased vaccine doses, or additional inoculations (11) . Alternatively, it has been recommended to start vaccination in the early stages of a renal disease (12) , when one could anticipate that the primary immune response is still satisfactory.
Objective
The goal of this study was to investigate the available evidence on the efficacy and safety of increased versus standard hepatitis B vaccine doses in patients with renal failure by performing a systematic review of the literature. A meta-analysis of randomized and quasi-randomized trials comparing greater vs. standard hepatitis B vaccine doses in patients with chronic kidney disease stages 3 -5 has been made.
Methods
This work is in agreement with the Preferred Reporting Items for Systematic reviews and Meta-Analyses statement (PRISMA guidelines) (see supplementary File 1) (13).
Search Strategy and Data Extraction
Electronic searches of the National Library of Medicine's MEDLINE database, current contents, and manual searches of selected speciality journals were performed to identify all pertinent literature. It has previously demonstrated that an electronic search alone may not be sensitive enough (14) . We conducted our search by 4 MEDLINE dabase engines (Embase, Grateful Med, Ovid, and Pubmed); the cochrane library was also used.
We applied the following algorithm in medical subject heading and in free text words: ("HEPATITIS B" or "HEP-ATITIS B VIRUS INFECTION" or "HBsAg POSITIVE STATUS"), ("CHRONIC KIDNEY DISEASE" or "CKD" or "END-STAGE RE-NAL DISEASE" or "ESRD" or "RENAL FAILURE" or "RENAL INSUFFICIENCY" or "RENAL IMPAIRMENT"), ("VACCINE" or "VACCINATION" or "ACTIVE IMMUNIZATION"), and ("ODDS RATIO" or "OR"). Reference lists from qualitative topic reviews and published clinical trials were also searched. Our search was limited to human studies that involved individuals aged > 18 years published in the English literature. All articles were identified by a search from 1982 through September 1, 2016.
Data Extraction and Assessment of Risk of Bias
Data extraction was conducted independently by 2 investigators (F.F., F.M. D.) by using standardized data extraction forms. Studies were compared to eliminate duplicate reports for the same patients, which included contact with investigators when necessary. Wherever duplicate studies were found, the most complete report was included. Eligibility and exclusion criteria were prespecified. Disagreements were managed by consensus.
The risk of bias was independently assessed by 2 authors (F.F., F.M. D.) according to the recommendations regarding the risk of bias assessment tools for use in RCTs and nonrandomized studies (15) .
Criteria for Inclusion
To be included in this systematic review, a clinical trial had to fulfil a set of criterias. It had to be published as a peer-reviewed paper; we included only prospective, randomized or quasi-randomized clinical trials comparing the sero-protection rate after schedules based on greater versus standard hepatitis B virus vaccine dose in adults with chronic kidney disease (stages 3 -5). The patients were followed for a minimum of 7 months after the first vaccine shot. The decision as to inclusion or exclusion of clinical trials was not related to the results. Patients who underwent a primary vaccination schedule (naïve patents), or those who failed to respond to a prior vaccine schedule (non-responder patients) against hepatitis B were enrolled. Hepatitis B vaccines of all types and doses have been considered. Studies restricted to students, military recruits, or other cohorts that involved subjects < 19 years of age were excluded.
End-Points of Interest
We compared the seroprotection rate at the completion of the vaccination course and over follow-up in adult patients with CKD stages 3-5 who received greater or standard doses of HB vaccine by intramuscular route. Seroprotection rate over follow-up was the frequency of responder patients who showed seroprotective antibody 12 months after completing the vaccine schedule. The seroprotection rate to develop protective antibody titers towards HBsAg (anti-HBs) after HB vaccination was the primary end-point (at completion of vaccine schedule and over follow-up). Secondary end-point included adverse events of the hepatitis B vaccine (local injection site and systemic reactions, liver-related morbidity and mortality).
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Ineligible Studies
Studies were excluded if they reported inadequate data on measures of response. Reports that were published in abstract form, or as interim reports were excluded; review articles were not considered for this analysis. Studies including patients receiving immunosuppressive drugs, or with malignant disease and human immunodeficiency virus infection were not enrolled. Clinical trials concerning renal transplant patients were excluded.
Definitions
In all trials included in this analysis, data from patients who did not complete the vaccination program were excluded from the final analysis; thus, analysis was made perprotocol, not by ITT. When not provided in the publication, the outcome, according to the per-protocol method, was calculated by the data abstractors (F.F., and F.M.D.). In all studies, the vaccine towards HB was administered as an intramuscular injection into the deltoid region of the arm without or least likely to be used for the arteriovenous fistula in hemodialysis and pre-dialysis patients or the nondominant arm in peritoneal dialysis patients.
Primary outcome measure in this systematic review was the seroprotection and seroconversion rate. Seroprotection was defined as the frequency of patients developing protective titres (patients with anti-HBs titres > 10 mIU/mL) when previously negative. Seroconversion was defined as the development of detectable antibody towards the hepatitis B surface antigen (patients with antiHBs titres > 1 mIU/L) when previously negative. Seroprotection and seroconversion rates were calculated at completion of vaccination schedule and over follow-ups. These definitions were consistent with standards published in the scientific literature.
Statistical Methods
The ORs were generated using the random effects model. The random effects approach was made according to DerSimonian and Laird (16) . The Cochrane's Q-test was used for quantifying the heterogeneity; a value < 0.10 was considered indicative of a statistically significant difference (17) . In addition, the consistency of effects across studies was evaluated by I2 index (18) . A sensitivity analysis using a fixed-effects model was also performed to assess the consistency of results. The Galbraith plot was used to assess the heterogeneity and precision of single studies (19) . Predefined subgroup analyses were conducted to calculate pooled ORs (sensitivity analyses). The publication bias assessment (number of void or negative trials necessary to render the meta-analysis meaningless) was calculated according to the Klein formula (20) . The publication bias was also measured by funnel plot asymmetry test. Every estimate was given with 95% Confidence Intervals. The 5% significance level was used for α-risk. All the statistical analyses were performed using the Stata 8.0 software (Stata Corporation, College Station, TX, US).
Results

Literature Review
Our electronic and manual searches identified 797 studies, of which 431 were considered potentially relevant and were selected for full text review (Figure 1 ). A total of 11 studies met the inclusion criteria (21) (22) (23) (24) (25) (26) (27) (28) (29) (30) (31) . A complete list of the 431 reports reviewed is available (see supplementary File 2). There was a 100% concordance between reviewers with respect to final inclusion and exclusion of studies reviewed based on the predefined inclusion and exclusion criteria.
Study Quality and Risk of Bias
The majority of studies were RCTs; a few (n = 3) studies had a comparative design. All studies were published in the English language from 1990 to 2010. The risk of bias was unclear in all included studies, as the study methodology was incompletely reported; generation of allocation sequence was given in 3 studies (21, 29, 31) and blinding of participants and personnel was mentioned in 1 (22) .
No studies were assessed as having great methodological quality (or reduced risk of bias). The risk of reporting bias was low in all studies as the measures of the primary outcome were objective. The risk of bias regarding 1) random sequence generation, 2) allocation concealment, 3) blinding, and 4) incomplete outcome data, remained unclear across most studies (see supplementary File 3). Stratified analysis showed no differences in primary outcomes between studies provided with better quality (RCTs) and those with comparative design (CCTs) (see below).
Patient Characteristics
Some salient demographic and clinical characteristics of subjects enrolled in the RCTs of the current metaanalysis are shown in Tables 1 -3 . There were 6 reports from Europe. The mean age of subject cohorts ranged from 39.9 ± 14 to 66 (30 -81) years, and the rate of males was 66%. A minority of patients (n = 141) had chronic kidney disease at the pre-dialysis stage (24, 29) ; patients on peritoneal dialysis (n = 139) were included in only 2 studies (30, 31) . Three studies employed plasma-derived vaccines; 8 studies recombinant vaccines, Engerix-B, Glaxo-Smith Kline (n = 6), and Recombivax, MSD (n = 1). Data on vaccine schedule in the RTCs included in this meta-analysis are shown in Table 3 . 
Summary Estimates of Outcome
Aggregation of study (n = 10) results showed that the seroprotection rate (short-term follow-up) towards HB virus was greater among patients receiving greater vaccine doses [pooled OR, 2.10, 95% confidence intervals (95% CI), 1.15 -3.82]. The publication bias assessment, according to the Klein formula, was 51. The test of funnel plot asymmetry was not significant, α = 0.01; 95% CI, -3.96; 3.97, P (z) = 1.00 (Figure 2) . Figure 3 shows the seroprotection rate according to the Peto method; the test for heterogeneity was significant. The Galbraith plot (Figure 4) highlighted the great precision of every single study, and the occurrence of heterogeneity in the analysis.
Subgroup analyses were undertaken to explain the heterogeneity across trials (Table 4 ). In the subset of patients on dialysis, the risk to develop seroprotection towards HB virus was greater among patients on standard doses of vaccine, pooled OR, 1.96 (0.86; 4.47) ( Table 4 ). The test for heterogeneity was significant (Table 4) . Only 4 studies (23, 24, 30, 31) gave information on the seroprotection over a longterm follow-up (Table 4 ). The risk of seroprotection among patients receiving reinforced vs. standard vaccine doses in European trials and over long-term follow-up is shown in Figures 5 and 6. 
Side-Effects
Information on adverse events was given in 6 studies (23) (24) (25) (29) (30) (31) . Two hepatitis B infections occurred over the follow-up in 1 trial (21) , no SAEs were observed in the others (23) (24) (25) (29) (30) (31) . No dropouts due to side effects were reported. Many RCTs reported minor side effects including local (soreness at injection site) and general (low-grade fever, fatigue, and mild headache) events. The incidence of minor side effects ranged between 15% (24) and 10.3% (25) . Reporting was not performed by treatment arm and we could not assess differences between study vs. control groups. One RCT reported that local reactogenicity was greater with reinforced than standard vaccine schedules (23) (see supplementary File 4).
Discussion
Many clinical and background factors have been linked with the poor immunogenicity of HB vaccines in patients with chronic kidney disease compared with healthy individuals such as age (32) , male gender (33), nutritional status (34), serological positivity for hepatitis C virus (35) or human immunodeficiency virus (36) infection, diabetes mellitus (37), blood transfusion history (38) , and possession of the major histocompatibility complex aplotype HLA-B (39) among others. Finally, the failure to complete a full course of HBV vaccination may cause a poor active immunization (40) . In addition, numerous in vivo and in vitro experiments have shown that the impaired response to the HBV vaccine in uremic individuals has been related to additional factors: a lower activation of T-lymphocytes (naïve CD4) to helper cells by overproduction of TNF-α, re- According to our systematic review, reinforced schedules of the HB vaccine enhance the response rate in uraemic patients. This phenomenon is particularly clear 6 Hepat Mon. 2017; 17 (7):e44179. in the subset of trials using plasma-derived vaccines; an increased immunogenicity of HB vaccine with reinforced schedule appears in the subset of trials based on recombinant vaccine, even if no statistical association was found. These results are in keeping with the guidelines from the CDC, which recommend greater doses of the recombinant hepatitis B virus vaccine (Engerix-B) and increased number of vaccine shots for active immunization of patients on maintenance dialysis (40 mcg; 0,1,2, and 6 months) (7). The vaccine schedule recommended for pre-dialysis patients consists of 3 shots with standard doses of hepatitis B virus vaccine (20 mcg; 0,1, and 6 months) (7) . A recent systematic review concluded that double-dose vaccination for CKD patients did not improve seroconversion compared to patients on standard HBV vaccine; the lower number of studies could be implicated in these conflicting findings (41) .
Vaccination towards HBV has played a crucial role in the decline in HBsAg incidence rates among dialysis patients in the developed world over recent years (7) . Recent evidence has been accumulated regarding the additional benefits given by vaccination towards HBV; these include the possibility that HBsAg negative patients with sero-protective levels of antibody against HBV (HBsAb >10 mIU/mL) can undergo haemodialysis in shifts and rooms Hepat Mon. 2017; 17 (7) (7). Seroprotection against HBV is crucial to RT candidates in order to be included in the waiting list from anti-HBc positive kidney donors. Finally, it appears that vaccination towards HBV in patients with CKD is an effective measure to reduce the progression of chronic kidney disease. A significant link between HBsAg positive serologic status and increased risk for end-stage renal disease has been recently noted (42) .
As with all systematic reviews, this study has several limitations, an examination of which may inform the design and conduct of future studies on this topic. First, despite stringent inclusion criteria, the methodological quality of the studies was on average not ideal. Among the 11 studies included in this analysis, some did not describe methods of randomization and double-blinding was uncommon; it is possible that some so called 'randomized controlled trials' were not real randomized controlled trials owing to a lack of rigorous clinical trial design (43) . In the context of a systematic review, the ratings of the quality of evidence reflect the extent of our confidence that the effect estimates are correct (44) . However, pooling the subgroup of trials provided with more rigorous clinical trial designs did not significantly change our findings. Secondly, individual data (e.g., "patient-level" data) from each study were not available; thus, it was impossible to perform our own adjustments. Thirdly, as with all metaanalyses, this study has the potential limitation of publication bias; negative trials are less likely to be published. To limit the possible effects of publication bias, we adopted various strategies to identify published and unpublished trials. Inclusion criteria, established a priori, were chosen to increase the likelihood that high-quality studies would be included. Finally, the number (n = 11) of studies included in this meta-analysis clearly precludes more definitive conclusions.
An additional limitation of this study concerns the use of anti-HBs titer as a surrogate marker of the protection against HBV infection. The protective effect of the recombinant vaccine against acquisition of HBV infection among patients on long-term dialysis was already reported by the CDC (45) . The efficacy of reinforced versus standard doses of vaccine towards HBV should be evaluated in terms of reduced incidence of HBV infection in CKD populations. The very low incidence of HBV infection among patients on maintenance dialysis in the developed world clearly makes the implementation of such clinical trials difficult.
In summary, this meta-analysis of RCTs has shown a consistent benefit of reinforced versus standard schedules of the HB vaccine in patients with renal failure. Recent evidence has been gathered on adjuvanted recombinant HB vaccines (HBVAS04) (46, 47) or third-generation vaccines (48) (recombinant HBV vaccines expressed in mammalian cells containing S/Pre-S antigens) in chronic kidney disease population. Trials comparing efficacy and safety of adjuvanted HBVAS04 vaccine versus recombinant vaccine (with greater doses) in patients with chronic kidney disease are under way.
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